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Introduction:  We  examined  the  clinical  beneﬁt  of  two  intraoperative  three-dimensional  imaging  modal-
ities for  reduction  and  ﬁxation  of scaphoid  fractures.
Hypothesis:  Our  hypothesis  was  that  three  dimensional  imaging  will  aid  in operative  care  in  comparison
with  standard  ﬂuoroscopy.
Methods: In 25  consecutive  patients  treated  for fractures,  after  satisfactory  reduction  and  ﬁxation  was
obtained  with  a single  Kirschner  wire  using  ﬂuoroscopy,  intraoperative  three-dimensional  visualization
was  performed.  The  quality  of  fracture  reduction,  wire  position  and  extrusion  of the  wire were  examined.
Results: In two  of the  25 cases,  after  three-dimensional  visualization,  malreduction  of  the  fracture  was
seen and  the reduction  revised.  Artifact  and  the  dependency  on  technologist  performance,  limited  the
use of  these  modalities  to locate  the  wire  accurately.
Discussion:  Diagnosis  of  malreduction  of  a  scaphoid  fracture  is  possible  with  3-dimensional  modalities.
Utilization  of  these  systems  is still  limited  by technical  factors.
Level  of evidence:  Level  IV. Retrospective  study.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Reduction and ﬁxation of scaphoid fractures are technically
hallenging and misplaced ﬁxation screw is not uncommon [1–4].
n the operating suite, the fracture is reduced and ﬁxed under ﬂuo-
oscopic guidance. The desired fracture reduction as well as proper
lacement of the screw in the scaphoid is frequently difﬁcult to
ssess using standard two-dimensional imaging techniques.
Computed tomography (CT) is the common method to evaluate
he morphology of scaphoid fractures, and is the tool typically used
or pre-operative planning. In addition, CT is commonly used to
valuate the postoperative results.
Previous studies reported the advantage of the use of intraop-
rative three-dimensional (3D) imaging during fracture ﬁxation in
rthopedic surgery [5–7]. Two possible modalities for this purpose
ere available for this study:
TMthe Siremobil ISO-C-3D (Siemens AG, Germany) which has a
computerized image processing work station for intraoperative
visualization;
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877-0568/© 2015 Elsevier Masson SAS. All rights reserved.• the C-InSight System (MAZOR Surgical Technologies, Israel)
which is an add-on to the standard C-arm and includes an image
adaptor connected to the C-arm and a sterile target which is
placed on top of the imaged body part. The continuous images
taken are analyzed by C-InSight software producing 3D recons-
tructions of the images taken.
In a report composed mainly of calcaneal fractures and intra-
articular fractures of the knee and hip joints, revision of reduction
or ﬁxation was  reported in 11% of cases [5]. Revision was due
to unacceptable reduction of the fracture, inappropriate implant
positioning or a malreduced joint fragment seen on ISO-C but not
with routine ﬂuoroscopy. The authors report that the use of ISO-C
prolonged each procedure by an average of 7.5 minutes, with no
complications reported related to ISO-C utilization.
The Siremobil ISO-C-3D radiation dose for intraoperative CT
imaging of similar sized joints has been reported to be comparable
to doses measured with low-dose spiral CT protocols for extremity
studies (dose-length product [DLP] of 39.9 mGy-cm and 37 mGy-
cm,  respectively) [8,9]. In theory, the C-InSight scan results in much
less radiation, the summary of 15-20 seconds of continuous scan-
ning with a C-arm. The dose of a small joint scan with the C-InSight
has not been reported.
Intraoperative use of the ISO-C or C-InSight systems may
reveal malreduced scaphoid fractures or malpositioning of ﬁxating
3 logy: S
d
h
f
2
p
p
t
p
p
s
i
d
t
d
g
o
2
u
b
K
s
W
w
t
o
d
l
h
2
•
•54 S. Luria et al. / Orthopaedics & Traumato
evices which may  still be corrected during the procedure. Our
ypothesis was that 3D scans could better display the quality of
racture reduction and ﬁxation in comparison with ﬂuoroscopy.
. Materials and methods
After obtaining institutional approval and patient consent, all
atients between the ages of 18 and 60 treated for acute dis-
laced scaphoid fractures or fracture nonunions were included in
he study. Exclusion criteria included non-displaced fractures and
regnancy.
A control group or randomization was not performed. The study
rotocol was designed so comparison could be made within the
ame group of patients, where each patient’s standard ﬂuoroscopy
mages served as the control [5]. The 3D scan was made at a point
uring the operation where the surgeon would normally complete
he ﬁxation. In cases in which the result was not satisfactory as
epicted on the 3D image, revision was possible. Following a ﬁrst
roup of patients evaluated with the ISO-C system, a second group
f patients were evaluated with the C-InSight system.
.1. Intraoperative protocol
Fracture reduction and ﬁxation was performed as done routinely
nder ﬂuoroscopic guidance using a single K-wire (1.1 mm)  and
one graft when adequate. In one case, an additional anti-rotation
-wire was used, yet this resulted in additional artifact in the ISO-C
can and in the subsequent cases, an additional wire was not used.
hen the surgeon was satisﬁed with the reduction and ﬁxation
ith the single K-wire, based on the routine ﬂuoroscopy images,
ypically at the point where placement of the cannulated screw
ver the wire would occur, the 3D imaging was performed. This
ecision was made by two of three surgeons – either by two fel-
owship trained hand surgeons (SL, GZ) or by one fellowship trained
and surgeon (SL) and a hand surgery fellow.
.2. Imaging technique
The imaging techniques:
the Siremobil ISO-C-3DTM (Siemens AG, Germany) is both a
regular ﬂuoroscopic device and a CT-image producer. The sys-
tem includes two units: a modiﬁed C-arm with a motor unit
and a computerized image processing work station for intraop-
erative visualization. The C-arm rotation is isocentric, rotating
around a single point in space. The C-arm is automatically and
steadily rotated over an arc of 190◦. In preset angular steps dur-
ing this rotation, a set of two-dimensional ﬂuoroscopic images
are recorded. From these images, the computer creates real time
multiplanar CT images and a three-dimensional reconstruction
within ﬁve seconds after scanning is completed. During its con-
tinuous rotation around a surgical ﬁeld, the C-arm passes through
sterile as well as non-sterile areas. In order to maintain sterility,
the surgical ﬁeld is covered by an extra layer of sterile sheets
when scanning is performed. At the end of scanning, these sheets
were removed and gloves changed. During scanning, the surgical
staff was protected from radiation by portable shields, as recom-
mended by the manufacturer (in addition to the standard lead
apron);
C-InSight (MAZOR Surgical Technologies, Israel) is an add-on
to the C-arm which includes an image adaptor connected to
the C-arm and a sterile target which is placed on the wrist.
A regular C-arm is used, which is not isocentric as is the ISO-
C system. The C-arm is manually rotated around the image in
an arc of 120 degrees (15–20 seconds). The images taken are
analyzed by C-InSight software (60–90 seconds) producing 3Durgery & Research 101 (2015) 353–357
reconstruction of the images taken. The same precautions were
taken regarding sterility. No radiation proof shield was used other
than the standard lead apron.
It should be noted that in both systems, the wrist is scanned, but
the software allows the alignment of the images along the long axis
of the scaphoid or along the K-wire, simplifying the analysis of the
images.
2.3. Imaging analysis
The following speciﬁc factors were examined with the ﬂuo-
roscopy followed by 3D imaging:
• quality of fracture reduction – displacement of the fracture or
residual ﬂexion (humpback) deformity. In these cases, revision of
the reduction was considered. Quality of reduction was visually
estimated by the surgeons and the views showing most displace-
ment measured;
• K-wire position through the center of the proximal part of the
scaphoid, as a position commonly accepted for adequate ﬁxation.
If not centered, repositioning of the K-wire was considered;
• any extrusion of the K-wire where it exits the scaphoid, in order to
enable correct measurement of the screw length. In cases where
the K-wire was  not found to reach the far cortex of the scaphoid
or passed it, K-wire depth measurement was  revised.
2.4. Final fracture ﬁxation
After satisfactory reduction and ﬁxation of the fracture was
achieved, the cannulated screw was placed over the K-wire and
additional ﬂuoroscopic imaging was  performed to ensure proper
ﬁxation.
2.5. Data analysis
The primary outcome measure of the study was the intraopera-
tive revision rate. The percent of revisions was compared between
groups with a 2 test and measured times and radiation compared
with the Mann-Whitney U test. The null hypothesis at the P < 0.05
level was that there was no difference between the groups. Compar-
ison of artifact and other technical problems was only descriptive
due to the different characteristics of the modalities evaluated.
3. Results
A total of 25 3D scans were performed, ten with the ISO-C and
15 with the C-InSight. Twenty-four males and one female, with a
mean age of 25 (SD 8), were treated with fracture reduction and ﬁx-
ation with a cannulated headless compression screw (Acutrak Mini,
Acumed, Hillsboro, OR). Two of the 25 patients were treated for
acute fractures. Twenty-three were treated for fracture nonunion
with additional bone graft (mean time from fracture – 17 months,
SD 15). The use of the ISO-C-3D prolonged the procedure by a mean
of 8 minutes (SD 1.7; range 6–10 min) and with C-InSight by a mean
of 11 minutes (SD 3.9; range 6–19 min)(Mann-Whitney U test, ns).
The average CT dose index (CTDI) for a single study with the C-
InSight was  found to be 0.72 mGy  (SD 0.37). This could be compared
with the standard CT scans of the wrists of the patients prior to
surgery, which resulted in exposure to a mean CTDI of 19.1 mGy
(SD 11.5) (Mann-Whitney U test, P = 0.001).
The factors considered for assessment of reduction and ﬁxation,
after the 3D scan:
• quality of fracture reduction – in 23 cases, the displacement was
measured to be less than 1 mm.  In two of the 25 cases, after
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imilar view, after revision of reduction and ﬁxation of the fracture and placement 
3D visualization, malreduction of the fracture was seen and the
reduction revised satisfactorily, one with the ISO-C (Fig. 1) and
one with the C-InSight (Fig. 2)(2 test, ns);
the displacement of the two revised cases was found to be 2 mm in
the ISO-C case and 3.5 mm  in the C-InSight group. After revision,
the displacement was measured to be less than 1 mm in both
cases, although this was evaluated by comparing similar views
with ﬂuoroscopy and not by repeating the 3D scans. It should be
noted that after 3D imaging, ﬂuoroscopic imaging could be better
aimed in order to view the desired details;
K-wire position – no differences could be found between ﬂu-
oroscopy and 3D imaging which required revision of K-wire
positioning (2 test, ns);
extrusion of the K-wire – in one of the 15 cases with the C-InSight,
protrusion of the K-wire was not seen using ﬂuoroscopy but could
be seen on the 3D images. This was taken into consideration
when choosing the screw length for ﬁxation. No other revision
was made due to extrusion with either system (2 test, ns).
.1. ComplicationsIn one patient the reduction of the fracture displaced during the
SO-C scan itself, bending the K-wire, which was  treated by revision
f the reduction.
ig. 2. A. C-InSight scan of the wrist following reduction and primary ﬁxation of a scapho
fter  revision of reduction and ﬁxation of the fracture and an additional scan, which dem of a scaphoid fracture, revealing a step-off on the dorsal aspect of the fracture. B.
nnulated screw.
In a different case, the location of the K-wire was not found
to be central in the ﬂuoroscopy images, as well as the C-InSight
scan. Due to the multiple unsuccessful attempts at improving this
location, we accepted this suboptimal wire location. This was  not
considered to be related to the 3D scan.
3.2. 3D scan limitations
ISO-C group – artifacts caused by the K-wire limited the utiliza-
tion of the scans in several aspects (Fig. 3): In three of the 10 cases,
protrusion of the K-wire could not be assessed by the scan because
of artifact. In one of these three cases this resulted in the place-
ment of a long screw that had to be revised at a later date; in two
of the 10 cases, assessment of the location of the K-wire could not
be made (central or eccentric).
C-InSight group – Artifacts were less of a problem with the C-
InSight system – in one of the ﬁfteen cases, central location of the
K-wire could not be seen (due of decreased resolution of part of the
angled views). In another case, the image was cropped too short
and location of the K-wire in the proximal fragment could not be
seen. This occurred due to the fact that the C-InSight scan utilizes
a regular C-arm, which is not isocentric as is the ISO-C system. For
this reason, cropping the area of interest too narrow on the acquired
images resulted in a scan which was cropped at one edge.
id fracture, revealing a step-off on the dorsal aspect of the fracture. B. Similar view,
onstrated the improvement in reduction.
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fig. 3. The utilization of the Siremobil ISO-C-3D scans was  limited by artifact created
y  the single Kirschner-wire placed across the fracture.
The C-InSight scans were dependent on the technique of the
echnologist performing them and were not as consistently clear
s the ISO-C images.
Quantiﬁcation of the artifact was performed by evaluating the
uide wire width, known to be 1.1 mm.  The width was  measured
n the images, which were used to evaluate the central location of
he wire, one image per case. In the ISO-C images, we found the
ean width of the wire to be 2.9 mm (SD of 0.5), 2.7 times wider
han the actual wire. In the C-InSight images, the wire had a mean
right artifact width of 2.0 mm (SD 0.4) and a more vague artifact of
.2 mm (SD 1.0). This would be 1.8 and 2.9 times wider, respectively,
han the actual wire. Reviewing the images, it was  clear that the
ague (wider) artifact did not impede the analysis of the images. In
ontrast, the ISO-C images the artifact were less uniform and had
adiating metallic streak artifacts.
. Discussion
In this study, we evaluated the advantage of using available
ystems capable of producing a three-dimensional image, in the
ntraoperative assessment of the quality of reduction and ﬁxation
f scaphoid fractures. Both systems used are available on the mar-
et, although the C-InSight system at this point is available only as
 feature on the more complex robotic navigation system by Mazor.
fter the 3D scans, we revised two of the fracture reductions (one
ith the ISO-C and one with the C-InSight).
Signiﬁcant technical difﬁculties limit the utilization of these
ystems. The ISO-C scans, were dependable for quality and are
un automatically by the imaging technologist, but resulted in
rtifact that precluded the collection of some of the basic informa-
ion needed for intraoperative evaluation. Analysis of the artifact
howed a larger area of brightness along the guide wire, almost
hree times wider than the actual wire, on the images taken with
he ISO-C. This artifact was variable in width along the wire in addi-
ion to the typical metallic streak artifacts. Huch et al. report that
n CT guided procedures, a biopsy needle may  cause artifact, which
nterferes with the identiﬁcation of a small target lesion [10]. In
his report, the majority of procedures could be performed success-
ully, in a method, which is more accurate and less invasive than
n open approach or one that uses plain ﬂuoroscopy. The authors
ound that one or two additional scans may  be needed after removalurgery & Research 101 (2015) 353–357
of the biopsy instrument, in order to assure the correct position
in small lesions [10]. The successful implementation of the ISO-
C images in other reports of fracture treatment was not affected
by artifact, although artifact was  reported [5,9,11]. This included
both evaluation of fracture reduction and intraarticular protrusion
of hardware [11]. This may  have been possible with the larger bones
examined and more distance between the hardware and fracture
and may  explain the higher intraoperative revision rates in com-
parison with our study [7,9]. With scaphoid fractures, as with the
needle biopsy [10], the wide artifact would preclude answering two
of the questions asked in this study – protrusion of the wire and cen-
tral placement of the wire. On the other hand, malreduction of the
fracture, measured at a slight distance from the wire, could be seen
despite the artifact, as shown in this series.
The C-InSight showed more variability in quality of images and
was dependent on the performance of the manufacturer’s technol-
ogist, who was  familiar with the software and had to manually run
the test. The artifact in this group resulted in a wider wire than it
actually was  as well. Yet, the brightness was  more narrow (almost
two times wider than the actual wire) and uniform in comparison
with the ISO-C artifacts and there were less metal streaks. As seen
in the results, the C-InSight images made it easier to answer the
speciﬁc questions we asked.
An additional advantage of the C-InSight system is the signiﬁ-
cantly lower radiation doses in comparison with the regular CT scan
and intraoperative ISO-C scan ranges. We  found an average CTDI of
0.72 mGy  using the C-InSight system, which is signiﬁcantly lower
than the standard wrist CT scan CTDI of 19.1 mGy. As reported pre-
viously, the CT and ISO-C scans result in similar doses [7,8]. Safety
doses of radiation are commonly reported as dose-length product
(DLP) in mGy-cm [7,8]. The DLP was  not available for comparison of
the C-InSight in this study. Due to the fact that the location and area
of tissue examined is similar with all imaging methods, we com-
pared the CTDI, which is expressed in mGy. We conclude that the
C-InSight range has a safety advantage for the patient and surgical
team. It also may  allow more liberal use of additional scans during
the procedure.
An additional problem is the limited possibilities to correct the
reduction and ﬁxation of a scaphoid fracture. Each passing of the K-
wire and each manipulation of the fracture makes the next attempt
more difﬁcult and “getting it right the ﬁrst time” is especially true
for these injuries. This is more signiﬁcant with unstable fracture
nonunions, where the initial reduction may  be difﬁcult and revi-
sion not considered even with suboptimal images [12]. A navigation
system, directing the reduction and ﬁxation may be the solution to
this problem, placing the K-wire in the desired position the ﬁrst
time and not only demonstrating its position after the fact [13,14].
There are several ﬂaws to this study. We decided to evaluate
each modality at a time, enabling us to learn the advantages of each
system well and not alternate between them. It is possible that the
additional training with the ISO-C made the use of the C-InSight
system easier. This bias is limited by the fact that a comparison was
made for each case separately with each patient serving as his own
control [5,11]. Measurement of malreduction was possible yet the
location of the wire was more difﬁcult to quantify, mainly due to
artifact. Practically speaking, this is how actual surgery is evaluated.
Diagnosis of malreduction of a scaphoid fracture is possible with
the 3D modalities tested in this study. For this reason, if avail-
able, these modalities may  be of assistance in the operative care of
scaphoid fractures. Using the ISO-C system, evaluating hardware
location in the scaphoid is not dependable. The C-InSight system
may  offer several advantages:• signiﬁcantly less radiation exposure;
• less artifact enabling evaluation of the location of the wire.
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At this point, it is not only not an independent modality; it is
lso highly dependent on the operating technologist. It does repre-
ent the potential for cost effective 3D imaging of scaphoid fracture
perative treatment.
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